First described by Philipsen in 1956, the odontogenic keratocyst is characterized by a large squamous keratinization of its border, an aggressive growth and a high recurrent rate. It is now designated by the World Health Organization as a keratocystic odontogenic tumour (KOT). Clinically, the KOT is manifested by an asymptomatic growth. Radiographically, it appears as a well-defined unilocular or multilocular osteolytic lesion. The diagnostic approach is based on a combined analysis of the medical history, the clinical appearance and the radiographic appearance. The diagnosis may be confirmed by the anatomical pathology report. Finally, treatment consists of surgical excision and follow up is characterized by a high rate of recurrence. The authors report a case of keratocystic odontogenic tumor of the upper jaw and review the various diagnoses, therapeutics and follow up aspects of this type of tumors.
Introduction
Odontogenic keratocyst (OKC) was a neoplasm described by Philipsen in 1956 [1] and was confirmed by Browne in 1970 and 1971 [2] [3] . At that time, it was believed to be a benign, but potentially aggressive and recurrent, odontogenic cyst, and probably represented the lesion previously termed a primordial cyst [4] [5] .
The diagnostic metamorphosis of OKC into a recognized cystic neoplasm occurred after observation of its biological behaviors and modern investigations of chromosomal and genetic abnormalities consistent with neoplastic progression [6] [7] . In 2005 [8] , the WHO Working Group considered odontogenic keratocyst (OKC) to be a tumor, recommended the term keratocystic odontogenic tumor (KCOT), separating the lesion from the orthokeratinizing variant, which was now considered an odontogenic cyst [9] .
In this paper, we shall present one case report of a keratocyst, which derived from an impacted canine. In addition, we review the treatment of odontogenic keratocyst, and briefly discuss novel trends that help to make diagnosis and therapy more specific and effective.
Case Report
A 28-year old man was referred to the Department of Oral Surgery complaining of painless swelling in the right side of upper jaw. The patient's medical history revealed that he had been having these complaints for one year.
The patient's medical story was unremarkable, and the interrogation reports no previous history of extraction or previous infectious episode.
An extraoral examination revealed slight swelling and tenderness over the right cheek with an induration of the nasal region while the integuments are normal.
Intraoral examination showed missing right canine with mild tenderness on palpation. There was no evidence of vestibular obliteration, expansion or pus discharge (Figure 1) .
Besides, the rest of the intraoral examinations showed a poor oral-dental hygiene with presence of calculus blocks, especially in the lower anterior sector, generalized gingivitis.
Orthopantomogram showed a vast unilocular radiolucent body, with clear contours within the maxillary bone and inserting itself in the collar of the impacted canine, extending transversely from the tooth 23 to the distal root of the tooth 17 ( Figure 2 ). Coronal sections of CT scan had shown a slight fragility of the floor of the nasal cavity of the left side and integrity of the maxillary sinus (Figure 3(a) and Figure 3(b) ), while axial sections revealed a greater extent anteroposteriorly than buccopalatly (Figure 3(c) ).
According to these clinical and radiological features, different diagnosis can be evoked notably:
• Dentigerous cyst due to the presence of the radiolucency containing the tooth crown;
• Adenomatoid odontogenic tumor, because of a radiolucency containing an impacted tooth in association;
• Ameloblastoma, due to a unicystic image in relation with an impacted tooth.
Irrespective of the evoked diagnosis, the treatment objective is a surgical removal. Therefore, an intervention under a local anaesthesia was decided, and the lesion was entirely enucleated (Figure 4) . The removed tissue of 6 cm in anteriorposterior dimension and 1 cm in vertical dimension, fixed in 10% buffered formalin, is sent for an anatomopathological study ( Figure 5) .
The histological examination has showen a cyst wall lined by stratified squamous epithelium and the corrugated parakeratinized surface. The epithelial lining is supported by a chronically inflamed connective tissue (Figure 6 ).
Upon this examination, the lesion is concluded to be keratocyst odontogenic tumor. Concerning the follow-up, there was no sign of recurrence after 2 years postoperatively.
Discussion
The odontogenic keratocyst is a histopathologically and behaviorally unique, specific entity. It is the most agressive and recurrent of all the odontogenic cysts and shows characteristics resembling both a cyst and a benign tumor [10] . This term was subsequently replaced in the 2005 edition of the World Health Organization Classification of the Head and Neck Tumors, by the term "keratocystic odontogenic tumor" (KCOT). The World Health Organization working group believed that this new term truly reflected the neoplastic nature of this lesion. This reclassification was determined by the clinical features of this tumor, including its potential for locally destructive behavior, high recurrence rate, and tendency to multiplicity [10] [11] .
Most odontogenic keratocyst (60%) arise from dental lamina rests or from the basal cells of oral epithelium and are thus primordial-origin odontogenic keratocysts (Figure 7 (a)) [10] . The remaining 40% arise from the reduced enamel epithelium of the dental follicle and are thus dentigerous-origin odontogenic keratocysts ( Figure  7 (b)) as we have seen in our case report [10] . This clinical identification is of some importance because recurrences are more frequently seen after treatment of the primordial-origin type [5] [10]. Keratocystic odontogenic tumors may occur at virtually any age, but the highest incidence is generally in the second and third decades of life [2] [3] [9] [10] . Several authors have also noted a second peak between the fifth and eighth decades [9] . Chow [12] , Brannon [13] and Browne [3] found a mean age of 32.1 -37.8 years at time of diagnosis. The age distribution appears to be bimodal [9] . The sex distribution may be equal, or may be a male predominance (1.3 -3.1) [9] .
KCOTs may occur in any part of the upper and lower jaw, cysts of the jaws, with the majority occurring in the mandible, most commonly in the angle of the mandible and ramus [9] [10]. The KCOT involves approximately 11% of all cysts in the jaws and is most often located in the mandibular ramus and angle. However, our patient had a relatively rare localization in the maxilla. This lesion can be associated, although not in all cases, with an impacted tooth [14] and most frequently located within the jaws. Nevertheless, some rare cases have occurred in the gingiva. This form has been designated as peripheral odontogenic keratocyst. Such lesions are often misdiagnosed as gingival cyst of the adult, or lateral periodontal cyst or lateral radicular cyst. Peripheral odontogenic keratocyst is clinically aggressive and has the potential to recur as the classical odontogenic keratocyst [15] .
The odontogenic keratocyst is an important part in the clinical features of basal cell nevus syndrome or Gorlin and Goltz syndrome. Mutation of the PTCH gene is partly responsible; the partial expression may be at the origin of the appearance of multiple recurrent keratocysts.
The basal cell nevus syndrome (also called Gorlin syndrome or Gorlin-Goltz syndrome) is a genetic condition with an autosomal-dominant inheritance pattern that includes a triad of multiple KCOTs of the jaws, other skeletal abnormalities (often including bifid ribs, abnormalities in the length of the fingers and toes, frontal bossing, and calcification of the falx cerebri), as well as cutaneous manifestations such as basal cell carcinomas, palmar pitting of the hands, and other skin abnormalities [16] [17] . Renal abnormalities and medulloblastomas in the newborn may also be manifestations of this condition. Whether sporadic or hereditary, most cases are related genetically and show aberrations in the hedgehog signaling pathway.
The hedgehog signaling pathway involves a dynamic relationship between a series of tumor suppressor genes and oncogenes [5] .
Most keratocysts are asymptomatic. Inflammation, pain, discomfort or a spontaneous endobuccal flow fistu-lation are possible. In the most aggressive forms [18] expansion of the buccal and lingual plates occurs late with this lesion (in contrast to the ameloblastoma), because it primarily tends to invade the marrow. However, it does cause some expansion of the lingual plate and can cause lingual plate perforation. Inferior alveolar nerve involvement occurs late [5] .
Radiographically, KCOTs demonstrate a well-defined unilocular or multilocular radiolucency with smooth and often corticated margins. KCOTs tend to grow in an anteroposterior direction within the medullary cavity of the bone and may cause an obvious bone expansion [5] [9] [10] [18] .
Displacement of teeth adjacent to the cyst occurs more frequently than resorption [9] [14] . The lesion may be single or multiple, the latter case being more common in patients with the Gorlin and Goltz syndrome. The KCOTs must be differentiated from the ameloblastoma, since both lesions may appear as unilocular or multilocular radiolucencies and may cause external resorption of the teeth and expansion of the bone [19] [20], furthermore, they both occur in the same age range and demonstrate a predilection for the posterior mandible and a high recurrence rate [9] . Other cyst and neoplstic diseases, such as dentigerous cyst, traumatic bone cyst, minimally calcifying odontogenic cyst, central giant cell granuloma, and ameloblastic fibroma, can present with the same radiologic features [21] .
These tumors are normally diagnosed histologically from a sample of the lining. This diagnosis requires a surgical biopsy, and difficulties can arise when the cyst has been previously exposed or inflamed, when the lining tends to become thicker and less obviously parakeratinized. Diagnose is normally made on permanent paraffinstained sections, although attempts have been made to diagnosis it from frozen section so that definitive treatment can be performed at the same time as the biopsy [5] [22] . KCOT has a stratified epithelium lining, typically thin and uniform thickness free of inflammation, and with corrugated parakeratinized. The basal layer of the lesion is well defined cuboidal or columnar cells with palisading [23] .
The main goal of all surgeons is to eradicate the lesion with whatever means that might be applicable to the particular lesion according to the site, size and location. There are pros and cons for all the treatment options. A variety of treatment modalities, ranging from conservative to radical, have been developed in an attempt to definitively treat KCOT [24] . The general approach to treating KCOT is enucleation and curettage, and the alternative therapies of decompression/marsupialization are also valid but have specific limited indication [10] .
Most clinicians favor "conservative" therapy, while others advocate more "aggressive" forms of treatment. Meiselman et al. consider "enucleation, curettage and marsupialization" as conservative therapies [20] . Williams et al. defined aggressive treatment as "that which is used in addition to enucleation and includes curettage (mechanical, and/or chemical) and/or resection without loss of jaw continuity" [25] . Morgan et al. also categorize treatment methods for KCOT as conservative or aggressive, both being forms of surgical intervention [26] . Aggressive treatment addresses the "neoplastic nature" of KCOT and includes peripheral ostectomy, chemical curettage with Carnoy's solution or en bloc/segmental resection. Excision of the mucosa overlying the lesion has been recommended, based on histological evidence that clusters of epithelial islands and microcysts (presumably with the potential to cause recurrence), found in the area where the lesion was connected with the mucosa [24] .
The terms decompression and marsupialization are used interchangeably; however, they are conceptually different, decompression tech-nically denotes any treatment whereby the pressure is taken off the tumor by creation of a hole in the tumor from which it can drain. This can be a small opening into which a decompression tube can be placed. Decompression is normally used as a means of decreasing the size of a KCOT so that it can be enucleated later without risking additional teeth, the inferior alveolar nerve, or the integrity of the mandible [27] [28] .
Marsupialization is a form of decompression that denotes the creation of a wider opening, which is often self-sustaining, and this treatment can be performed for complete cure of the lesion. Although KCOT is an aggressive tumor, it does appear to respond successfully to marsupialization and can resolve totally following marsupialization, often over a period of 6 to 12 months. Histologic examination has shown that as the marsupialized tumor decreases in size, the lining differentiates from the typical appearance of a KCOT to one more closely resembling oral mucosa. Whether this occurs by metaplasia or overgrowth from the periphery remains unclear [27] . However, decompression or marsupialization has not been recommended alone for the treament of keratocyst, as such reports have documented recurrence rates between 0% and 100% [7] .
Enucleation is another form of cyst treatment. Given the recurrence rate to be as high as 62.5%, simple enucleation is no longer acceptable. Curettage and enucleation are considered by many as minimal requirement, therapeutically. Therefore, in order to make these more effective, Stoelinga advocated excising the overlying oral mucosa in continuity with the cystic lesion [29] [30] . However, many authors have cited difficulty in enucleation and curettage of KCOT with or without cortical perforation, as adherence of the thin friable lining to adjacent bone or soft tissue may preclude complete enucleation [30] [31] . With the additional application of CS, a recurrence rate between 1% and 8.7% is observed [30] [32] . But curettage or peripheral ostectomy after enucleation does not lower recurrence rates, as compared to enucleation alone [2] .
Aggressive surgery/resection is indicated in multiple recurrences, in tumors that cannot be managed by other methods, and in malignant transformation since cases of carcinoma arising from KCOT have been documented [10] [24] . Conversely, cases have been successfully treated by marsupialization alone, and this, in consequence, would deny KCOT of its tumorigenic nature. In fact, a lesion has also been reported to recur in a bone graft [33] . According to literature, radical excision has no recurrence, i.e. 0%, but is associated with high morbidity and therefore should be reserved only after initial intervention has failed. In view of the cyst size and degree of osteolysis, aggressive resection may well be indicated in our case, but conservative therapy seemed to generate an excellent response.
The reasons for this recurrence rate are believed to be 3-fold [5] [28]: • They have a thin lining, which is friable, and portions are easily left behind.
• Daughter cysts occur beyond the visible margin of the lesion.
• Some of these lesions may originate from the oral mucosa and daughter cysts are seen between the oral mucosa and the cyst itself. Unless these lesions are removed, recurrence is likely. Post-operative follow-up with annual radiological examinations is essential for at least five years following surgery. Recurrence is documented even after 10 years of follow-up and treatment. However, it is difficult to diagnose recurrence with regard to cysts in the maxillary sinus after the surgical removal of the initial lesion. Therefore CT is important in assessing the full extent of the recurrent lesion preoperatively [9] .
Conclusion
The recommended follow up for KCOTs is once in a year for at least 5 years. Radical operations, such as continuity resection may not be warranted always, as conservative management with marsupialization seems to work and preserves function with least morbidity. Many authors are now advocating a more conservative approach in treating the single non syndromic odontogenic keratocyst. Recurring KCOTs will require a more radical surgery. Radical procedures such as resection should be reserved for keratocysts that involve vital structures, are recurrent or demonstrate malignant degeneration.
